REMARKS 

Claims 27-29, 33, 34, 36-43, 45, 47, 49, 51, 53, 55, 57, 59, and 65 are under 
examination in this case. 

Examiner Interview 

Applicants thank Examiner Hurt and Supervisory Examiner Campbell for a very 
helpful interview on April 19, 2007. 

As reflected in the Examiner Interview Summary Record, the rejection of claims 
27 and 29 under 35 U.S.C. § 1 12, first paragraph, as including new matter not adequately 
described in the specification will be withdrawn. As discussed at the interview, the 
amendment to these claims finds support in the specification, for example, at page 4, lines 
24-27; page 7, lines 9-16; page 7, line 34 - page 9, line 2; page 13, lines 26-31; and page 
17, line 15 - page 18, line 1. 

The remaining rejections under 35 U.S.C. § 102 and § 103 are discussed below. 
This discussion parallels the arguments made at the interview of April 19*. 

Amendments to the Specification 

The specification and claims have been amended to correct a duplication error in 
sequence identification numbers. Applicants thank the Examiner for pointing out this 
inconsistency. The error is regretted. 

Rejection under 35 U.S.C. S 102fe) 

Claims 27-29, 36, 38-43, 45, and 47 stand rejected under 35 U.S.C. § 102(e) as 
being anticipated by Rabinowitz, U.S. Patent 6,491,907. This rejection is respectfully 
traversed. 

As discussed at the Examiner interview, the present claims are directed to 
particular AAV insertion sites. These claims are entitled to Applicants' priority date of 
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July 19, 1999, as evidenced by the attached verified English translation of German 
priority application DE 199 33 719.5. As is evident, Applicants' priority document is 
quite similar to the present application and, in particular, includes key passages describing 
the claimed AAV insertion sites, for example, at page 13, lines 1-9 and page 17, lines 5- 
27. 

In view of Applicants' effective priority date of July 19, 1999, the Rabinowitz 
'907 application, with a filing date of November 10, 1999, does not constitute prior art 
under 35 U.S.C. § 102. Currently, the rejection of the present claims is based on 
Rabinowitz, col. 21, lines 20-29 (Office Action, p. 3). This passage cannot anticipate the 
claims for at least two reasons. First, the passage has an effective prior art date of 
November 10, 1999, as it does not appear in either of the Rabinowitz priority applications 
(copies of which are enclosed with accompanying Information Disclosure Statement). 
Moreover, the passage is limited to a general statement that insertions may be made in the 
AAV capsid sequences, Vpl, Vp2, or Vp3. The passage does not disclose particular 
insertion sites. 

Moreover, as discussed at the interview, while Rabinowitz '907 Tables 1 and 2 
describe 24 particular AAV insertion sites asserted to be useful, these insertion sites 
either differ from Applicants' claimed sites or are not prior art to the present claims as 
they do not appear in either of the Rabinowitz priority applications. 

Accordingly, the § 102(e) rejection may be withdrawn. 

Rejections under 35 U.S.C. S 103 

Claim 37 stands rejected under 35 U.S.C. § 103 as being obvious in view of 
Rabinowitz, U.S. Patent 6,491,907. Further, claims 47, 49, 51, 53, 55, 57, and 59 stand 
rejected under 35 U.S.C. § 103 as being obvious over Rabinowitz, U.S. Patent 6,491,907, 
in view of Spear or Yang, and claim 59 as being obvious over Rabinowitz in view of 
Ruffing. For the reasons indicated above, these rejections are also respectfully traversed. 
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As indicated, Rabinowitz '907 does not provide prior art support for a teaching of 
the particular AAV insertion sites presently claimed. Nor do the remaining cited 
references cure this deficiency. None of Spear, Yang, or Ruffing disclose AAV 
insertions located in or directly adjacent to any of the seven specified capsid locations 
required by the present claims. The § 103 rejections may also be withdrawn. 



Applicant submits that the claims are in condition for allowance, and such action is 
respectfully requested. 

Enclosed is a Petition to extend the period for replying to the final Office action 
for one month, to and including May 9, 2007, and a check in payment of the required 
extension fee. 

Applicants further note that an Information Disclosure Statement and a Form PTO- 
1449 were filed in this case on January 22, 2007, and that they have not yet received an 
initialed copy of the Form PTO-1449. Applicants thus request an initialed copy of the 
FormPTO-1449. 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 

F:\50125\50125.045001 Reply to Office Action dated 06.23,06.doc 
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Respectfully submitted, 





Verification of Translation 



I, Dr. Andrea Teschemacher of Prinzregentenstrasse 68, 81675 Munich, Germany, do 
solemnly and sincerely declare that I am conversant with the German and English languages 
and am a competent translator thereof, and that to the best of my knowledge and belief the 
following is a true and correct translation of the German priority document filed under No. 
19933719.5 
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5 Structural protein of adeno- associated virus with 

modified chromatographic properties, its production and 

use 



The present invention relates to a structural protein 
10 of adeno-associated virus which comprises at least one 
mutation which brings about a modification of the 
chromatographic properties, to its production and use. 



The AAV virus belongs to the family of parvoviruses. 
15 These are distinguished by an icosahedral, non- 
enveloped capsid which has a diameter of 18 to 3 0 nm 
and which contains a linear, single -stranded DNA of 
about 5 kb. Efficient replication of AAV requires 
coinfection of the host cell with helper viruses, for 

2 0 example with adenoviruses, herpesviruses or vaccinia 

viruses. In the absence of a helper virus, AAV enters a 
latent state, the viral genome being capable of stable 
integration into the host cell genome. The property of 
AAV integrating into the host genome makes it 

25 particularly interesting as a transduction vector for 
mammalian cells. In general, the two inverted terminal 
repeats (ITR) which are about 14 5 bp long are 
sufficient for the vector functions. They carry the 
''cis" signals necessary for replication, packaging and 

30 integration into the host cell genome. For packaging in 
recombinant vector particles, a helper plasmid which 
carries the genes for nonstructural proteins (Rep 
proteins) and for structural proteins (Cap proteins) is 
transfected into cells suitable for packaging, for 

3 5 example HeLa or 2 93 cells, which are then infected, for 

example, with adenovirus. A lysate containing 
recombinant AAV particles is obtained after some days. 
Suitable helper plasmids are described, for example, by 
Chiorini et al . , (1995) Hum. Gene Ther. 6, 1531-1541 or 
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Girod et al . (1999), Nat. Med. 

The AAV capsid consists of three different proteins: 
VPl, VP2 and VP3 , whose relative proportions are 5% 
5 VPl, 5% VP2 and 90% VP3 . The AAV capsid genes are 
located at the right-hand end of the AAV genome and are 
encoded by overlapping sequences of the same open 
reading frame (ORF) using different start codons . The 
VPl gene contains the whole VP2 gene sequence, which in 

10 turn contains the whole VP3 gene sequence with a 
specific N- terminal region. The fact that the 
overlapping reading frames code for all three AAV 
capsid proteins is responsible for the obligatory- 
expression of all capsid proteins, although to 

15 different extents. 

The molecular masses of the capsid proteins are 87 kD 
for VPl, 73 kD for VP2 and 62 kD for VP3 . The sequences 
of the capsid genes are described, for example, in 

20 Srivastava, A. et al . (1983), J. Virol., 45, 555-564; 
Muzyczka, N. (1992), Curr. Top. Micro. Immunol., 158, 
97-129, Ruffing, N. et al . (1992), J. Virol., 66, 
6922-6930 or Rutledge, E. A. et al . (1998) J. Virol. 
72, 309-319. The physical and genetic map of the AAV 

25 genome is described, for example, in Kotin, R.M. 
(1994), Human Gene Therapy, 5, 793-801. 

Also known are various AAV serotypes, of which the 
human AAV serotype 2 (AAV2) is a viral vector having 

3 0 advantageous properties for somatic gene therapy. The 
essential advantages are the lack of pathogenicity for 
humans, the stable integration of viral DNA into the 
cellular genome, the ability to infect non-dividing 
cells, the stability of the virion, which makes 

35 purification to high titers (10^^ particles per ml) 
possible, the low antigenicity, and the almost absolute 
absence of viral genes and gene products in the 
recombinant AAV vector, which is advantageous from the 
viewpoint of safety for use in gene therapy. The 
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cloning of genes into the AAV vector in the meantime 
takes place by methods generally known to the skilled 
person, as described, for example, in WO 95/23 867, in 
Chiorini J. A. et al . (1995), Human Gene Therapy, 6, 
5 1531-1541 or in Kotin, R.M. (1994), supra. 

To use AAV as viral transduction vector it is generally 
necessary to have high titers of recombinant AAV 
particles. Owing to the fact that there is naturally a 

10 relatively small production of particles, one way of 
achieving high titers is by efficient concentration of 
the particles. It is also necessary for the particles, 
especially for in vivo applications, to be as free as 
possible of impurities which may consist of cellular 

15 constituents, helper viruses and medium constituents. 
It is thus necessary to have available an improved 
purification of AAV particles. 

Chromatography is a basic possibility for purification. 

20 This physical separation method entails separation of 
substances by distribution between a stationary and a 
mobile phase. Chromatography can be divided into two 
groups on the basis of the physical processes, 
adsorption chromatography with a solid as stationary 

25 phase and partition chromatography with two mutually 
immiscible phases, wherein usually mixed forms occur. 
The separation characteristics of a substance in 
chromatography depend on its chromatographic 
properties, in particular its size, its charge, its 

3 0 adsorption behavior, thus its specific affinity, its 
hydrophobicity, etc. This means that the 
chromatographic properties provide a central starting 
point for achieving via a modification an improvement 
in the purification and thus, for example, a 

3 5 concentration or greater purity, wherein one pure 
modification, for example compared with the wild type, 
may be sufficient to permit a separation and thus 
better purification. 



-4- 

AAV purification methods, especially by means of 
chromatography, are described, for example, in 
WO 97/08298, but no mutation of the AAV structural 
proteins is. In addition, WO 96/00587 refers to AAV 
capsid fusion proteins which are said not to interfere 
with capsid formation and to contain heterologous 
epitopes of clinically relevant antigens, but the 
intention is merely to induce an immune response. The 
publication moreover contains only a general reference 
to the fusion proteins without giving details on 
possible enablement, in particular on suitable inser- 
tion sites. However, no alteration of chromatographic 
properties, in particular for improving the 
purification, for example by altering the affinities, 
is described. 

It was therefore an object of the present invention to 
modify the purification properties of the AAV virus, in 
particular of a structural protein, compared with the 
20 wild type. 

It has now been found, surprisingly, that structural or 
capsid proteins of AAV can be modified in such a way 
that an alteration in the chromatographic properties is 
2 5 brought about thereby. 

One aspect of the present invention is therefore an AAV 
structural protein which comprises at least one 
mutation which brings about an alteration in the 

30 chromatographic properties of the virus. It is 
preferred in this connection that the alteration in the 
chromatographic properties makes an improvement in the 
purification possible, in particular a concentration of 
the virus, preferably of the virus particles, to higher 

35 titers, a purification to greater purity and/or a more 
efficient purification. The modified chromatographic 
properties enable, for example, a virus particle 
purification step to be more specific or efficient as 
part of a purification which leads to higher particle 
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titers, to purer particles or to more efficient 
purification. The titer of recombinant particles can be 
determined, for example, by placing serial dilutions of 
a particle-containing solution on a membrane and 
5 hybridizing this membrane with labeled AAV DNA. 
Detection of the hybridized DNA allows conclusions to 
be drawn about the particle concentration, 
qualitatively or quantitatively depending on the way 
the test is carried out. The purity of the particles 

10 can be determined through the ratio of the structural 
protein or of the particle proteins to proteins foreign 
to the particles. Purification is more efficient within 
the meaning of the present invention if, for example, 
the purification consists of fewer steps, takes place 

15 more quickly or is less costly to carry out, in 
particular in an industrial application. 

Within the meaning of this invention, an alteration of 
the chromatographic properties of the virus associated 

20 with an improvement in the purification exists, for 
example, even if the mutation merely brings about a 
shift in the elution behavior on a chromatography 
column, that is to say, for example, to lower or higher 
salt concentrations. It is a general problem of 

25 chromatographic purifications that the desired product 
fractions (e.g. virus particles) and fractions of 
impurities (other viruses, wild- type viruses, residues 
of cell lysates, serum proteins) are eluted in the same 
fraction at the same salt content. A targeted mutation 

3 0 according to the invention and the shift in the elution 
behavior associated therewith results in the fraction 
with the desired mutated virus particles then eluting 
no longer with the impure fraction but in a different 
elution fraction (e.g. - depending on charge - at 

35 higher or lower salt concentrations) . In some 
circumstances, but not always, shifts to high salt 
concentrations, for example through insertion of 
predominantly positively charged amino acids or His TAG 
into the capsid protein, provide particular advantages 



-6- 

because impurities are usually small components and 
usually elute at lower salt concentrations in 
conventional purification methods. The capsid mutants 
then bind better, for example, to the column material 
5 and elute later, that is to say at higher salt 
concentrations - 

It is particularly preferred for the mutation in the 
structural protein of the invention to bring about only 
a negligible reduction in the infectivity of the virus 
but, in particular, an increase in the infectivity. 
Infectivity means for the purpose of this invention the 
ability to transduce cells. 

In addition, the modified structural protein is 
preferably also capable of particle formation, i.e. of 
forming an icosahedral capsid, especially in the form 
of an AAV capsid, because particles or capsids are 
particularly suitable as carriers of selected 
compounds, e.g. rAAV transduction vectors. The 
formation of particles can be detected, for example, by 
electron microscopy. Another detection is the 
sedimentation behavior during a cesium chloride density 
gradient centrif ugat ion with subsequent optional 
detection of viral DNA present in the particles. 

It is possible in general for the mutation (s) to be 
present in the VPl, VP2 and/or VP3 structural protein, 
with preference for the VPl and/or the VPS structural 
3 0 protein. The structural protein may moreover be derived 
from all AAV serotypes, in particular from human 
serotypes, preferably from AAVl, AAV2 , AAV3 , AAV4 , AAV5 
and/or AAV6, especially from AAV2 , AAV3 and/or AAV6 . 

35 Said mutation may be a point mutation, a mutation of 
more than one amino acid, one or more deletion (s), in 
particular one or more insertion (s) or a combination of 
said modifications. 
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In a preferred embodiment, amino acids of a functional 
sequence are inserted, preferably those which are 
suitable for affinity chromatography. 

5 Affinity chromatography means a chromatographic method 
which is based on the ability of certain partners which 
belong together, such as antigen- antibody, enzyme - 
substrate, etc., to recognize one another and enter 
into mutual interaction. Usually one of the partners 

10 which belong together is immobilized on a chromato- 
graphic sorbent as support, and the specifically 
appropriate component then binds thereto. Elution then 
takes place with changed pH, different ionic strength 
or, for example, analogs of the appropriate component. 

15 This also encompasses covalent chromatography, e.g. via 
formation of disulfide bridges, and hydrophobic 
chromatography, which hydrophobic interactions are 
utilized. 

20 The inserted amino acid can, in particular, be selected 
from the following group: a ligand of a receptor or the 
receptor of a ligand, an antibody or part of an 
antibody, in particular an antibody epitope, an antigen 
or antigen epitope, a hormone, a hormoreceptor , an 

25 enzyme, an enzyme substrate, a lectin and/or a sugar- 
bearing amino acid. 

These may preferably be: 

30 • a histidine-rich peptide (His TAG) , which makes 
purification on a metal chelate affinity medium 
possible; 

• a peptide with more than one charge, which modifies 
the binding or elution behavior during an ion 

3 5 exchange chromatography and thus makes such a 

purification step more specific or efficient; 

• glutathione S- transferase (GST Tag) which makes 
purification on a glutathione affinity medium 
possible ; 



• an Fc receptor, which makes purification on a protein 
A or protein G affinity medium possible; 

• a particular antibody epitope which makes a 
purification on a medium with coupled antibodies 

5 which are specific for the epitope possible; 

• a lecitin which makes purification on a glycoprotein 
medium possible; 

• a nucleic acid binding site which makes purification 
on nucleic acid media possible; 

10 • a heparin binding site which makes purification on a 
heparin medium possible; 

• a particular ligand which makes purification on a 
medium with the appropriate receptor possible or 

• a particular receptor which makes purification on a 
15 medium with the appropriate ligand possible. 

Preference is likewise given to an integrin, a cytokine 
or a receptor binding domain of a cytokine, integrin or 
growth factor, single-chain antibodies which bind to a 
20 cell surface receptor, an antibody against cell surface 
structures, an epitope and/or an antibody-binding 
structure • 



In a preferred embodiment, a peptide with, for example, 

2 5 5 to 3 0 amino acids, preferably 8 to 2 0 amino acids 

and, in particular, 10 to 18 amino acids is inserted. 
The peptide has, for example, the sequence 
QAGTFALRGDNPQG or a sequence which is highly homologous 
therewith. This particularly preferred ligand is the PI 

3 0 peptide which is a peptide with a length of 14 amino 

acids from the core sequence of an alpha chain of the 
laminin family. This sequence is sufficient, for 
example, for recognition of an integrin receptor, which 
mediates inter alia endocytosis of viral particles, 
35 e.g. of adenovirus. The PI peptide binds, irrespective 
of its conformation (linear or circular) , to the 
integrin receptor. According to the present invention. 
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the coding DNA sequence of the PI peptide is 
incorporated into the gene coding for a structural 
protein of AAV which is located, for example on a 
helper plasmid. Packaging with the mutant helper 
5 plasmid results in recombinant AAV with PI in the 
capsid (rAAV-Pl) . It was possible to show for insertion 
of this peptide that these AAV particles are eluted 
from a cation exchanger at lower conductivity compared 
with unmodified AAV particles, and so permits improved 
10 separation (e.g. from the wild type) and purification, 
depending on the conditions. 

A particularly preferred structural protein of the 
invention is one which comprises at least one other 

15 mutation. By this is meant that the structural protein 
comprises not only a mutation which brings about a 
modification of the chromatographic properties of the 
virus but also another mutation which does not 
necessarily also bring about a modification of the 

20 chromatographic properties of the virus. A particularly 
preferred other mutation in this case is one which 
brings about an alteration, preferably increase, in the 
infectivity of the virus. 

25 A further preferred aspect of the present invention is 
an AAV structural protein in which the other 
mutation (s) bring (s) about a reduction in the 
antigenicity. 

3 0 Antigenicity means for the purpose of this invention 
the induction of both antibody formation and binding on 
the basis of the immune system. The term also 
encompasses immunogenic ity, that is to say the 
induction of an immune response. The reduction in 

3 5 antigenicity therefore means the reduction in antibody 
formation and binding both by reducing the antigenic 
epitopes and by reducing the antigenic effect of 
particular epitopes or by modification and deletion of 
certain epitopes present in the wild type. The modified 
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antigenicity may moreover relate both to the humoral 
and to the cellular immune response. 



In a further preferred embodiment, the other 
5 mutation (s) represent (s) one or more deletions and/or 
one or more insertions in the structural protein or 
combinations of said modifications. In this connection, 
insertion is preferably the insertion of a cell 
membrane receptor ligand, of a Rep protein or peptide, 

10 for example in the form of a Rep domain, of an immuno- 
suppressive protein or peptide and/or of a protein or 
peptide with a signal for double strand synthesis of a 
transgene or foreign gene. A preferred example in this 
connection is the PI peptide (QAGTFALRGDNPQG) (see 

15 above) . 

Examples of insertions for the other mutation are, 
inter alia, integrins, cytokines, or receptor binding 
domains of cytokines, integrins or growth factors such 

20 as, for example, GM-CSF, IL-2, IL-12, CD40L, TNF, NGF, 
PDGF or EGF, single-chain antibodies which bind to cell 
surface receptors, so-called single chain antibodies 
(scFv) , single-chain antibodies which bind for example 
to the surface receptors CD40, CD40L, B7, CD28 or CD34, 

25 or epitopes or receptor binding sites which in turn are 
recognized, for example, by particular antibodies, for 
example anti-CD40L monoclonal antibodies, or by 
chemical substances or hormones, e.g. catecholamines. 

3 0 In a preferred embodiment of the other mutation there 
is insertion of antibody- binding structures such as, 
for example, protein A, protein G or anti-Fc- antibody, 
or parts thereof. To the latter in turn are coupled 
specific antibodies against particular cell surface 

35 structures (for example against CD4 0 in the case of 
lymphatic cells or against CD34 in the case of 
hematopoietic cells) . 

The mutation (s) is (are) preferably located on the virus 
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surface. To determine the structural protein regions 
located on the surface, it has surprisingly been found 
according to the present invention that CPV and AA.V2 
sequences and structures are comparable. It is 
5 therefore possible to have recourse preferably to known 
crystal structures of parvoviruses such as of 
parvovirus B19 or of CPV (canine parvovirus) and to 
identify with the aid of homology comparisons protein 
domains located on the virus surface. According to the 

10 present invention, therefore, for example a computer- 
assisted comparison between CPV and AAV2, and 
parvovirus B19 and AAV2 , has surprisingly resulted in 
reproducible identification of loops in VP3 whose 
sequence varies, i.e. which have low homology and which 

15 are presumed to be located on the virus surface. Since 
the antigens for the humoral immune response must be 
accessible for antibodies and thus be on the virus 
surface, these loops represent preferred candidates for 
mutations. Thus, the known crystal structure of the CPV 

20 VP2 capsid proteins (e.g. Luo M. (1988), J. Mol . Biol., 
200, 209-211; Wu and Rossmann (1993), J. Mol. Biol., 233, 
231-244) was, because of the great similarity to the 
AAV2 VP3 in the secondary structure of the protein, 
taken as pattern for finding the regions exposed on the 

25 viral capsid surface and sufficiently flexible, because 
of the local amino acid sequence, to withstand for 
example the insertion of a peptide sequence. Care was 
taken in this connection not to select any capsid- 
destabilizing secondary structural elements of the AAV2 

3 0 capsid protein. 

In a preferred embodiment, the mutation (s) are located 
at the N terminus of the structural protein, because it 
has been found that, for example in the parvoviruses 
35 CPV and B19, the N terminus is located on the cell 
surface . 

A further possibility for determining structural 
protein regions located on the surface is to compare 
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the capsid-encoding nucleic acid sequences of different 
AAV serotypes. It is possible to use for this purpose 
for example known DNA sequences of different AAV 
serotypes, such as AAV2 , AAV3 , AAV4 , AAV5 or AAV6 , for 
5 structural analyses of possible capsid morphologies of, 
for example, AAV2 , it being possible to calculate ab 
initio possible tertiary structures and assign sequence 
regions to the inner or outer capsid regions on the 
basis of generally known amino acid properties. It was 
10 thus possible according to the present invention for 
example to find in the VP3 region of the AAV2 capsid 
possible insertion sites which made it possible to 
insert, for example, peptides and express them on the 
virus surface (see below) . 

15 

In a preferred embodiment, the mutation(s) is (are) 
brought about by one or more insertions in the Xhol 
cleavage sites of the VPl -encoding nucleic acid and, in 
another preferred embodiment, in the BsrBI cleavage 

20 site of the VPl-encoding nucleic acid. Another 
preferred embodiment of the structural protein of the 
invention is generated by a deletion between the BsrBI - 
Hindu cleavage sites of the VPl-encoding nucleic acid 
and one or more insertions, preferably at the deletion 

25 site. 

In another preferred embodiment of the present 
invention, the mutation (s) is (are) brought about by one 
or more deletions between the Xhol -Xhol cleavage sites 

3 0 of the VPl-encoding nucleic acid which comprises 62 
amino acids (Hermonat, P.L. et al . (1984), J. Virol., 
51, 329-339). In another preferred and corresponding 
embodiment, the deletion (s) is located between the 
BsrBI -Hindi I cleavage sites of the VPl-encoding nucleic 

35 acid which is located within the deletion described 
above and comprises 29 amino acids. This deletion has 
the advantage that it has no overlap with the rep gene 
and therefore has a negligible effect on the packaging 
mechanism. 
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In another preferred embodiment, one or more insertions 
are present in the VPS structural protein (Rut ledge, 
E.A. et al . (1998) supra) before and/or after at least 
5 one amino acid in the sequence selected from YKQIS 
SQSGA, YLTLN NGSQA, YYLSR TNTPS , EEKFF PQSGV, NPVAT, 
EQYGS, LQRGN RQAAT, NVDFT VDTNG, because these sites 
are located on the exposed sites of a loop, in which 
case the risk of altering the VP3 structure is small . 

10 

The point mutation(s), the mutation(s) of more than one 
amino acid, the deletion (s) or insertion (s) is/are 
carried out by deletion and insertion by generally 
known methods in the gene coding for the structural 

15 protein. The deletions can be introduced into the 
individual structural protein genes for example by PCR- 
assisted mutagenesis. The insertions can be introduced 
by generally known methods, for example by hydrolysis 
by restriction endonucleases of the appropriate 

20 structural protein genes and subsequent ligase 
reaction. Subsequent expression of the mutated gene 
leads to the structural protein of the invention. 

Another aspect of the present invention is also a 
25 structural protein of the invention in the form of an 
AAV particle, in particular in the form of an AAV 
capsid, because particles and capsids are particularly 
suitable as carriers of selected compounds, e.g. rAAV 
transduction vectors. 

30 

Further aspects of the present invention are a nucleic 
acid, preferably an RNA or a DNA, in particular a 
double -stranded DNA, coding for a structural protein of 
the invention. 

35 

The present invention also relates to a cell, 
preferably a mammalian cell, for example a COS cell, 
HeLa cell or 293 cell, comprising a nucleic acid of the 
invention. Cells of these types are suitable, for 
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example, for producing the recombinant AAV particles. 

A further aspect of the present invention is therefore 
also a method for producing a structural protein of the 
5 invention, in particular for producing a structural 
protein of the invention in the form of an AAV 
particle, where a suitable cell comprising a nucleic 
acid coding for the structural protein of the invention 
is cultivated and, where appropriate, the expressed 
10 structural protein is isolated. The structural protein 
of the invention can be purified and isolated for 
example by chromatography. 

Another aspect of the present invention relates to a 
15 pharmaceutical comprising a structural protein of the 
invention, a nucleic acid of the invention and/or a 
cell of the invention and, where appropriate, suitable 
excipients and additives, such as, for example, a 
physiological saline solution, stabilizers, proteinase 

2 0 inhibitors, DNAse inhibitors, etc. 

A further aspect of the present invention relates to 
the use of the structural protein of the invention, of 
a nucleic acid of the invention or of a cell of the 
25 invention for the purification of AAV and AAV 
particles, for altering the tropism of AAV, for 
altering the antigenicity of AAV, for transforming a 
cell, in particular a cell whose susceptibility to an 
AAV infection was previously low, such as, for example, 

3 0 a hematopoetic cell, for genomic targeting, for 

diagnosis, for activity investigations and/or - in the 
form of suitable rAAV vectors - for gene therapy. By 
gene therapy is meant a type of therapy in which an 
effector gene, usually a protein, is expressed through 
35 the introduction of nucleic acids into cells. A 
distinction is made in principle between in vitro and 
in vivo methods. In in vitro methods, cells are removed 
from the organism and transduced ex vivo with vectors 
in order subsequently to be introduced again into the 
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same or a different organism. Jn vivo gene therapy- 
involves vectors being administered, for example for 
controlling tumors, systemically (e.g. via the 
bloodstream) or directly into the tumor. 

5 

A considerable advantage of the present invention is 
that the mutagenesis according to the invention of AAV 
structural proteins makes it possible, by modifying the 
chromatographic properties, to create new possibilities 

10 for more specific purification methods essentially 
without loss of the efficiency of packaging of 
recombinant AAV vectors in the capsid of the virus. 
This creates the conditions for purifying AAV or AAV 
particles to higher titers and/or greater purity and 

15 making the purification more efficient and cost 
effective. This in turn makes industrial application of 
recombinant AAV possible for cell transformations and 
gene therapies on the commercial scale. 

20 The following figures and examples are intended to 
illustrate the invention in detail without restricting 
it. 
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Description of the figures 



Figure 1 shows the chromatogram of a wild- type AAV 
sample in one run through a POROS 5 0HS cation exchange 
5 column. The flow- through volume is plotted against the 
conductivity (left-hand y axis) and against the 
absorption at 280 nm (right-hand y axis) . The AAV 
particles are eluted in fractions 12 and 13, which 
corresponds to an average conductivity of 3 0 mS/cm 
10 (300 mM NaCl) (see thick horizontal line) . 

Figure 2 shows the chromatogram of an AAV sample 
consisting of mutated AAV particles (insertion of the 
peptide QAGTFALRGDNPQG after amino acid 587; pI-587 

15 according to example 3) in one run through a POROS 50HS 
cation exchange column. The flow- through volume is 
plotted against the conductivity (left-hand y axis) and 
against the absorption at 280 nm (right-hand y axis) . 
The modified AAV particles eluted in fractions 6 and 7, 

2 0 which corresponds to an average conductivity of 
22 mS/cm (220 mM NaCl) (see thick horizontal line) . 

Examples 

2 5 Example 1: 

The following mutations were produced by PCR-assisted 
mutagenesis and cutting with the restriction enzymes 
Xhol, BsrBI and Hindu I: 

3 0 Mutations in VPl 

a) Deletion between the Xhol-Xhol cleavage 
sites of VP-1 (AXho; 62 amino acids, AA) 
(Hermonat et al . (1984) Journal of Virology 51, 

35 329-339) , 

b) Deletion between BsrBI and Hindi! cleavage 
sites of VP-1, which is located within the 
above deletion a) and comprises 2 9 AA (ABH) ; 

c) Deletion between BsrBI and Hindll, and 
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insertion of a ligand (PI peptide) (ABH+L) ; and 

d) Pure insertion of the ligand (PI peptide) at 
the BsrBI cleavage site (B+L) . 

5 Mutations in VP3 



a) 


ins261 ; 


YKQIS 


SQSGA 


b) 


ins381; 


YLTLN 


NGSQA 


c) 


ins447 ; 


YYLSR 


TNTPS 


d) 


ins534 ; 


EEKFF 


PQSGV 


e) 


ins573 ; 


NPVAT 


EQYGS 


f) 


ins587; 


LQRGN 


RQAAT 


g) 


ins713 ; 


NVDFT 


VDTNG 



15 (Named according to the number of amino acids (AA) 

counted after the AA from the start of the N 
terminus in VP-1 of AAV2, flanked by in each case 
5 amino acids located N-terminal thereof and 5 
amino acids located C- terminal thereof; the AA 

20 aft er which the insertion has been introduced is 

shown in bold script) . 

It is also possible likewise to introduce an 
insertion into the five directly adjacent AA which 
25 are located next to the AA in bold, because these 

are likewise located inside a loop in the AAV2 
capsid. 

Example 2 : 

30 Characterization of the capsid mutants 

After carrying out the mutations in the AAV2 
genome and packaging the mutated viruses with LacZ 
reporter gene, the physical vector titers were 
35 determined by dot -blot and capsid titer with A2 0 
antibody ELISA, and initial infection tests were 
carried out on HeLa cells. It was thus possible to 
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determine whether the mutations impair the structure of 
the VP proteins or the interaction between various VP 
proteins in such a way that packaging is omitted or 
infection of the target cell is impaired (table 1) . 

Table 1 : Packaging efficiency for the produced virus 
mutants 



vims stock 


Physical virus 
titer 


Capsid titer 
(ELISA with A20 MAb) 


Wild-type capsid 


1 • 10^^ 


1-10" 


VPl mutants 




Axho 


6 •10^=' 


5-10" 


ABH 


8-10^^ 


4 • 10^ 


ABH+L 


1 • lO" 


5-10^° 


B+L 


3 • 10^^ 


5-10^ 


VP3 mutants 




ins261 


1-10^° 


< 10^ 


ins38l 


3-10^° 


< 10^ 


ins447 


1-10^^ 


4-10" 


ins534 


1-10^° 


< 10® 


ins573 


3-10" 


< 10® 


ins587 


1.10^2 


2-10" 


ins713 


5-10^° 


< 10® 1 



The physical virus titers (dot -blot) and capsid 
10 titers (A20 capsid ELISA) are shown. The 

concentrations are stated in particles/ml. 

It was possible to show for all 4 VPl mutants that 
mutations have no effect on the packaging 

15 efficiency, and all the mutated viruses can be 

packaged with similar titers as good as those for 
vectors with unmutated capsid (-10^^ particles/ml) . 
It was also possible for the AAV vectors with 
mutations in the VP3 region to be packaged 

20 successfully (10^°-10^^ physical particles/ml) . 
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Example 3 

PI mutation in VP3 

The starting point was a plasmid pUC-AV2 which was 
5 produced by subcloning the 4.8 kb Bglll fragment of 
pAV2 (ATCC 37261, ref . 53) into the BamHI cleavage site 
of pUC19 (New England BioLabs Inc.). Mutations were 
carried out at defined sites in the plasmid by means of 
the PCR-assisted mutagenesis known to the skilled 

10 worker. This involved insertion of a sequence coding 
for PI, a 14 AA peptide with the AA sequence 
QAGTFALRGDNPQG, which contains the ROD binding motif of 
a laminin fragment (Aumailly et al . (1990) FEBS Lett. 
262, 82-86), after nucleotides 2985, 3543 and 3963. 

15 This corresponds to an insertion after amino acids 261, 
447 and 587 in the AAV2 capsid protein (named according 
to the number of amino acids (AA) counted after the AA 
from the start of the N terminus in VP-1 of AAV2) . In 
the subsequent PGR, in each case 2 mutation-specific 

20 primers are used, and a plasmid, pCap, which contains 
only the cap gene and is formed by cutting the 2.2 kb 
EcoRI-BspMI fragment out of pUC-Av2 and inserting it 
into the EcoRI cleavage site of pUC19, is used as 
template. The PGR products are subsequently amplified 

25 in bacteria and sequenced, and the 1.4 kb EcoNI-Xcml 
fragment which contains PI is subcloned in pUG-AV2 in 
which the corresponding wild- type cap sequence has been 
cut out. Consequently, the plasmids (mutants) which are 
named after the AA insertion sites pI-261, pI-447 and 

3 0 pi -587 contained the complete AAV2 genome. 
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Example 4 

Production of AAV2 particles 



HeLa cells (a human cervical epithelial cell line) were 
5 transfected with the plasmids of example 1, incubated 
for about 20 h and then infected with adenovirus 
type 5. 72 h after the infection, the cells were 
disrupted and the AAV2 particles were purified on a 
CsCl gradient - 

10 

Example 5 

Characterization of the capsid mutants of example 3 

The intention of these experiments was to establish 
15 whether the capsid mutants are able to package the 
viral genome and form complete capsids. AAV2 particles 
of the mutants of example 4 were examined to find 
whether and, if yes, how many particles carry the viral 
genome and how much DNA was packaged in the capsid 
20 mutants. For this purpose, the virus particles (mutants 
and wild type) purified in example 4 were treated with 
DNAse, blotted and hybridized with a Rep probe. 

The titer which emerged from this showed no 
25 quantitative or qualitative difference from the wild 
type (see table 2) . The viruses retained the ability to 
package the genome - 

It was further possible to confirm by electron 
30 microscopic analysis that the capsid is also formed. 

The mutations were therefore not carried out in regions 
which are important for correct folding, capsid 
assembly or packaging of the genome. The function of 
35 the AAV particles of the invention is unimpaired. 

In order to be able to infer whether the mutated 
capsids are completely formed and show no change in 
antigenicity, A20 monoclonal antibodies (A20 MAb) were 
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employed in an ELISA in a further experiment. A20 MAb 
reacts specifically with the completely assembled AAV2 
capsid of the wild type (Wistuba et al . , (1997), J. 
Virol. 71, 1341-1352). Once again, the results are 
5 shown in table 1. It emerges from this that capsid 
formation is not impaired by the insertion in the 
mutants 1-447 and 1-587, whereas the A20 monoclonal 
antibody no longer binds in the case of 1-2 61, but, 
because the examination under the electron microscope 
10 shows that the capsids are nevertheless formed, this is 
attributable to a modification of the antigenicity. 

Table 2 Packaging efficiency and antigenicity of the 
virus mutants produced in example 3 

15 



Virus stock 


Physical virus titer 


ELISA with A2 0 MAb 


Wild-type 
capsid 


8-10^^ 


6-10^^ 


Mutants 




1-261 


1-10^^ 


n . m. 


1-381 


1-10^2 


n . m . 


1-447 


1 • 10^^ 


8 • 10^^ 


1-587 


4 • 10^^ 


3-10^^ 



The physical virus titers (dot-blot) and the titer with 
A2 0 capsid ELISA are shown. The concentrations are 
stated in particles/ml. "n.m." means "not measurable". 



2 0 Example 6: 

Modified elution behavior of the capsid mutants 

Recombinant wild-type AAV (in 20 mM Hepes pH 6.8, 
100 mM NaCl, 2 mM MgCls) were loaded onto a 0 . 8 ml 

2 5 POROS 2 0HS cat ionic exchanger column (Perkin-Elmer , 
Weiterstadt) . An Akta system (Pharmacia) was used to 
apply a gradient of 3 0 column volumes from 100 to 
700 mM NaCl in 20 mM Hepes 6.8. Western blot analysis 
showed that AAV eluted in fractions 12 and 13, which 

30 corresponds to elution of wild-type AAV at 30 mS/cm 
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(= about 300 mM NaCl) (see fig. 1) . 

A capsid mutant (1-587 from example 3) of AAV (the PI 
peptide QAGTFALRGDNPQG is inserted after amino acid 
5 587; in PBS, pH 6,8) was loaded onto the same 0.8 ml 
POROS 20 HS cation exchanger column (see above) . A 
gradient of 30 column volumes 50-1000 mM NaCl in 20 mM 
Hepes pH 6.8 in an Akta system was used for elution. 
The AAV mutant was present according to Western blot 
10 analysis in fractions 6 and 7. This corresponds to 
elution of about 22 ms/cm (= about 220 mM NaCl) (see 
fig. 2) . 

This shows that insertion of the QAGTFALRGDNPQG peptide 

15 alters the elution behavior of the AAV particles so 
that, at the same pH, the mutated particles elute at a 
lower salt concentration than the wild- type particles. 
This means that the virus fraction is shifted toward 
other fractions which are in some circumstances less 

20 impure or otherwise more suitable. It is therefore 
possible to alter the chromatographic properties of the 
AAV particles by insertions, deletions or other 
modifications of the capsid proteins. It is possible in 
particular in one variant of the shown insertion to 

25 construct, by introducing amino acids with a 
predominantly positive charge, for example at the 
insertion sites shown in the examples, capsid mutants 
of the invention which elute at higher salt 
concentrations compared with the wild type (which 

3 0 elutes in a broad, less impure peak) . The affinity of 
the mutant for the column material is enhanced thereby, 
so that elution does not take place until the salt 
concentrations are high, that is to say in regions 
which are normally less contaminated by smaller foreign 

3 5 proteins. 
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Example 7 : 

Infection tests with mutants of example 3 



In order to test the tropism of the capsid mutants 
5 1-261, 1-381, 1-447 and 1-587, the cell lines Co-115 
and B16F10 were infected with the mutated viruses, 
Co-115 cells were used to test the wild- type receptor 
tropism of the virions because the latter can be 
transduced with wild- type AAV2 and do not bind the PI 

10 peptide. The B16F10 cell line was used for the reasons 
already mentioned in example 9. Three days after the 
infection, the cells were investigated by 
immunofluorescence measurement using an ant i -Rep 
antibody to find whether the viral Rep protein is 

15 expressed (Wistuba et al , (1997) J. Virol. 71, 1341- 
1352; Wistuba et al . (1995) J. Virol. 69, 5311-5319). 
Cells were grown to 70% confluence on microscope slides 
and incubated with various concentrations of viral 
preparations of the invention in serum- free medium 

20 together with adenovirus 5. The titers of the viral 
preparations were determined three days later either by 
in situ detection of Rep protein synthesis in an 
immunofluorescence assay (Rep titer) . The immuno- 
fluorescence staining was carried out in this case with 

25 AAV2-inf ected cells by a method of Wistuba et al . 
(Wistuba et al . (1997) J. Virol. 71, 1341-1352; Wistuba 
et al. (1995) J. Virol. 69, 5311-5319). The microscope 
slides were washed once with PBS, fixed in methanol 
(5 min, 4<*C) and then treated with acetone (5 min, 

3 0 4°C) . The cells were then incubated with the monoclonal 
antibody 76-3, which reacts with Rep proteins of AAV2 , 
at room temperature for one hour. This was followed by 
washing and incubation with a rhodamine- conjugated 
ant i -mouse secondary antibody at a dilution of 1:50 in 

3 5 PBS with 1% BSA for one hour. The titers were 
calculated from the last limiting dilution of the viral 
stock solution which led to fluorescence-positive 
cells . 
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Rep-positive C0115 cells were detectable after 
infection with wild-type AAV2 and with mutants 1-261, 
1-447 and 1-587. In Coll5 cells, the infectivity of 
1-261, 1-587 and 1-447 was two to three orders of 
5 magnitude smaller than that of the wild type (table 3) . 
Transfection of B16F10 cells with 1-447 was just as 
inefficient as with wild- type virus (table 3) . In clear 
contrast with this. Rep-positive B16F10 cells are 
detectable after infection with 1-587, and the titer 
10 determined for the 1-587 virus was 1 x 10^ Rep EFU/ml 
(table 3) . 

In order to investigate whether the transfection of 
B16F10 cells by the mutant 1-587 was mediated 

15 specifically by the interaction between the PI sequence 
on the surface of the mutated capsid and the integrin 
receptor on the surface of the B16F10 cells, the cells 
were incubated either with the competing RGBS or with 
the inactive RGES peptide at concentrations of 200 fxmol 

20 before infection with the virus. Addition of RODS 
peptide neutralized the infectivity of 1-587 for B16F10 
cells (table 3) , whereas the control peptide RGES had 
no effect, 

25 Table 3: Virus titer on the cell surface 



virus stock 


Titer on C0115 cells 


Titer on B16F10 cells 






- RODS 


+ RODS 


Wild-type capsid 


2-10^ 


<1 


Nd 


Mutants 




1-261 


7-10^ 


nd 


Nd 


1-381 


n.m. 


nd 


Nd 


1-447 


1-10^ 


<1 


Nd 


1-587 


1 - 10"^ 


1-10^ 


<1 


rAAV/LacZ 


5 • 10*^ 


<1 


Nd 


rAAV(I-587) /LacZ 


6 • 10^ 


5-10" 


<1 



The titers for the wild type-susceptible C0115 cells 
and the wild type-resistant B16F10 cells are shown. The 
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titers are expressed in Rep EFU/ml for 1-447 and 1-587, 
as for the wild type, and in LacZ EFU/ml for rAAV/LacZ 
and rAAV (1-587) /LacZ . EFU here means expression- forming 
units (expressing forming unit) and nd means ''not 
5 determined", ''n.m." means "not measurable". 

Example 8 : 

Infection assay of the mutants of example 3 with 
galactosidase 

10 

In another experiment based on example 6, rAAV vectors 
containing either the wild type (rAAV virion) or 1-587 
(rAAV (1-587) virion) were produced with a LacZ reporter 
gene. The viral preparations were called rAAV/LacZ and 
15 rAAV(I-587) /LacZ and used for infection of B16F10 and 
C0115 cells (controls) . 

Infected cells were assayed for P-galactosidase 
expression by X-Gal staining three days after the 
20 infection. This entailed use of the X-Gal in situ assay 
for cytochemical staining (LacZ titer) . After this, the 
cells were, in order to assay the expression of 
P-galactosidase, washed once in PBS and then fixed with 
1.5% glutaraldehyde . The cells were then treated with 

2 5 X-Gal (5-bromo-4 -chloro-3 -indolyl -p-D-galactopyranosi- 

de) as already described by Chiorini et al . (1995) Hum. 
Gen. Ther. 6, 1531-1541. The titers were calculated 
from the last limiting dilution of the viral stock 
solution which led to p-galactosidase-producing cells. 

30 

Both virions were infectious for the C0115 control 
cells, although rAAV (1-587) /LacZ was less efficient by 
2 orders of magnitude. With type B16F10 - as expected - 
no p-galactosidase-positive cells were found after 

3 5 infection with rAAV/LacZ. By contrast, surprisingly, a 

markedly large number of p-galactosidase-positive cells 
were found after infection with rAAV(I-587) /LacZ. The 
titer determined for rAAV- (1-587) /LacZ was 5 x 10^ LacZ 
EFU per ml. The infectivity of rAAV vectors for B16F10 
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cells was improved by more than four orders of 
magnitude by the mutation according to the invention 
(table 3) . 
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MediGene AG July 19, 1999 

M29255 BO/HP 

CLAIMS 

1. A structural protein of adeno-associated virus 
(AAV) , characterized in that the structural 
protein comprises at least one mutation which 
brings about an alteration in the chromatographic 
properties of the virus. 



10 



2. A structural protein as claimed in claim 1, 
characterized in that the alteration in the 
chromatographic properties makes an improvement in 
the purification possible, in particular a 
15 concentration of the virus, preferably of the 

virus particles, to higher titers, a purification 
to greater purity and/or a more efficient 
purification. 

20 3. A structural protein as claimed in either of 
claims 1 or 2 , characterized in that the mutation 
brings about a negligible reduction in the 
infectivity of the virus. 

25 4. A structural protein as claimed in any of claims 1 
to 3, characterized in that the mutation also 
brings about an increase in the infectivity of the 
virus . 

3 0 5. A structural protein as claimed in any of claims 1 
to 4, characterized in that the mutated structural 
protein is capable of particle formation. 

6 . A structural protein as claimed in any of claims 1 
35 to 5, characterized in that it is selected from 

mutated VPl, mutated VP2 and/or mutated VP3 . 



A structural protein as claimed in any of claims 1 
to 6, characterized in that it is derived from 
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AAV2, AAV3, AAV4 , AAV5 and/or AAV6 and other AAV 
serotypes derived therefrom, in particular from 
AAV2 . 

A structural protein as claimed in any of claims 1 
to 1, characterized in that the mutation is a 
point mutation, a mutation of more than one amino 
acid, one or more deletion (s), in particular one 
or more insertion (s) or a combination of said 
modifications . 

A structural protein as claimed in any of claims 1 
to 8, characterized in that amino acids of a 
functional sequence which are preferably suitable 
for affinity chromatography are inserted. 

A structural protein as claimed in claim 9, 
characterized in that the inserted amino acid 
sequence is selected from a ligand of a receptor 
or the receptor of a ligand, an antibody or part 
of an antibody, in particular an antibody epitope, 
an antigen or antigen epitope, a hormone, a hormo- 
receptor, an enzyme, an enzyme substrate, a 
lectin, sugar-bearing amino acids, in particular 
from a histidine-rich peptide (His tag) , a 
multiply charged peptide, glutathione 

S-transferase (GST tag) , an Fc receptor, a 
lecitin, a nucleic acid binding site, a heparin 
binding site, a specific ligand, a specific 
receptor, an integrin, a cytokine or a receptor 
binding domain of a cytokine, integrin or growth 
factor, single-chain antibodies which bind to a 
cell surface receptor, an antibody against cell 
surface structures, an epitope and/or an antibody- 
binding structure . 

A structural protein as claimed in either of 
claims 9 or 10, characterized in that a peptide 
which has the sequence QAGTFALRGDNPQG is inserted. 
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12. A structural protein as claimed in any of claims 1 
to 11, characterized in that the structural 
protein comprises at least one other mutation , 

5 

13. A structural protein as claimed in claim 12, 
characterized in that the other mutation (s) brings 
about an alteration in the infectivity of the 
virus . 

10 

14 . A structural protein as claimed in either of 
claims 12 or 13, characterized in that the other 
mutation (s) brings about a reduction in the 
antigenicity of the virus. 

15 

15- A structural protein as claimed in any of 
claims 12 to 14, characterized in that the other 
mutation (s) is/are one or more deletion (s), one or 
more insertion (s) or a combination of said 
20 modifications. 

16. A structural protein as claimed in any of 
claims 12 to 15, characterized in that the 
insertion is a cell membrane receptor ligand, a 
25 Rep protein or peptide, an immunosuppressive 

protein or peptide and/or a protein or peptide 
with a signal for double strand synthesis of the 
foreign gene. 

30 17. A structural protein as claimed in any of 
claims 12 to 16, characterized in that the 
insertion is selected from an integrin, a cytokine 
or a receptor binding domain of a cytokine, 
integrin or growth factor, a single-chain antibody 

35 which binds to a cell surface receptor, an 

antibody against cell surface structures, an 
antibody-binding structure or an epitope. 



18 . 



A structural protein as claimed in any of claims 1 
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to 17, characterized in that the mutation (s) 
is/are located on the virus surface. 

A structural protein as claimed in any of claims 1 
to 18, characterized in that the mutation (s) 
is/are located at the N terminus of the structural 
protein. 

A structural protein as claimed in any of claims 1 
to 19, characterized in that the mutation (s) 
is/are brought about by one or more insertions in 
the Xhol cleavage site of the VPl -encoding nucleic 
acid. 

A structural protein as claimed in any of claims 1 
to 20, characterized in that the mutation (s) 
is/are brought about by one or more insertions in 
the BsrBI cleavage site of the VPl -encoding 
nucleic acid. 

A structural protein as claimed in any of claims 1 
to 21, characterized in that the mutation (s) 
is/are brought about by one or more deletions 
between the BsrBI -Hindi! cleavage sites of the 
VPl -encoding nucleic acid and one or more 
insertions . 

A structural protein as claimed in any of claims 1 
to 22, characterized in that the mutation (s) 
is/are brought about by one or more deletions 
between the Xhol -Xhol cleavage sites of the VPl- 
encoding nucleic acid. 

A structural protein as claimed in any of claims 1 
to 23, characterized in that the mutation (s) 
is/are brought about by one or more deletions 
between the BsrBI -Hindi I cleavage sites of the 
VPl -encoding nucleic acid. 
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25. A structural protein as claimed in any of claims 1 
to 19, characterized in that one or more 
insertions in VP3 is/are located before and/or 
after at least one amino acid in the sequence 

5 selected from YKQIS SQSGA, YLTLN NGSQA, YYLSR 

TNTPS, EEKFF PQSGV, NPVAT EQYGS , LQRGN RQAAT, 
NVDFT VDTNG. 

26. A structural protein as claimed in any of claims 1 
10 to 25 in the form of an AAV particle, in 

particular in the form of an AAV capsid. 

27. A nucleic acid coding for a structural protein as 
claimed in any of claims 1 to 26. 

15 

28. A cell comprising a nucleic acid as claimed in 
claim 27, 

29. A method for producing a structural protein as 
20 claimed in any of claims 1 to 26, characterized in 

that a cell as claimed in claim 28 is cultivated 
and, where appropriate, the expressed structural 
protein is isolated. 

25 30. A pharmaceutical comprising a structural protein 
as claimed in any of claims 1 to 26, a nucleic 
acid as claimed in claim 27 and/or a cell as 
claimed in claim 28 and/or where appropriate 
excipients and/or additives. 

30 

31. The use of a structural protein as claimed in any 
of claims 1 to 26, of a nucleic acid as claimed in 
claim 27 or of a cell as claimed in claim 28 for 
the purification of AAV and AAV particles, for 
35 altering the tropism of AAV, for altering the 

antigenicity of AAV, for transforming a cell, for 
genomic targeting, for diagnosis, for activity 
investigations and/or for gene therapy. 
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MediGene Aktiengesellschaf t July 19, 1999 

M2 92 55 BO/HP 

Summary 

5 

The present invention relates to a structural protein 
of adeno-associated virus which comprises at least one 
mutation which brings about a modification of the 
10 chromatographic properties, to its production and use. 



